may prevent stem growtlh inhibition as a result of 1)oth low and high initensity continuous irradiation in this species (1, 4) .
SUMMIARY
Exposure of a dwarf pea (Morse's Progress # 9) to a single brief irradiation with red light results in an inhibition of growth whiich persists for several days. After 4 or 5 days the plants resume growth at the dark-grown rate. Far-redl irradiation will negate the red effect.
The effect of a series of gibberellin (loses on the growth responses of irra(liated or dark-grown peas has been determined. In the absence of applied gib- It is concluded that visible radiation probably inhibits stem growth in this species througlh an effect on the level of endogenous gibberellin.
The author wishes to thank Eli Lilly and Co. for samples of gibberellic acid, and Mferck and Co. Inc.
for samples of both gibberellic acidl and gibberellin A.
The technical assistance of Miss Virginia Gottschall contributed substantially to this work. LITERATURE CITED Inhibition of stem growth is a general response of etiolated plants to irradiation, but the mechanism of radiation action is still little understood. We know the action spectra for both the low energy (2, 12) and a high energy (8) inhibition of stem elongation. The effective pigments are, however, not yet identified. It has also been shown that the application of gibberellic acid will specifically reverse both low intensity and high intensity radiation inhibition in certain species (4, 6, 11) . It was felt that a more detailed description of stem inhibition by visible radiation and its reversal by gibberellic acid in a single species might provide a background for a more complete and general understanding of these phenomena. Morse Seed Co., Los Angeles) were soaked in deionized water for 4 to 5 hours in darkness, then planted in vermiculite in plastic cups. The seedlings were grown in a dark room maintained at 25 ± 0.5 C. The pots were continuously subirrigated with deionized water. For the experiments reported here 5 uniform plants were selected per pot and at least 2 pots of plants were used for each experimental treatment. The experimental treatments were usually starte(l when the seedlings were 4 (lays old, 3 to 4 cm above the vermiculite level.
MATERIALS AND METHODS

Seedls
The sources of radiation were the same as those previously described, i.e., colored fluorescent tubes filtered through colored cellulose acetate. Mleasurement of radiation intensity was withl a calibrated photo-cell, also previously described (6) . In the experiments reported here the red and blue radiation were never used simultaneously in the same room. The temperature under the lights was maintained at 25 ± 0.50 C, measured with a mercury thermometer. \Vhen gibberellic acidl is applied to the plants at the time of transfer to high intensity radiation, the inhibition is completely prevented. This includes both the initial inhibition and the specific high intensity effect on subsequent growth (fig 2) . When the gibberellic acid is applied after the initial light inhibition, i.e., 48 hours after irradiation begins, the effect is to promote growth to a rate approaching that of the (lark-and low intensitv irradiated plants. This radiation where treatment with gibberellic acid after the initial light inhibition has no effect on the growth rate. However, it is consistent with all the observations reported here, in that gibberellic acid prevents all types of light inhibition in this species.
The effect of exposure of plants to continuous red radiation of various intensities is illustrated in figure  3 . The varying intensities were obtained by filtering the colored radiation through neutral (white polyvinyl plastic and brown wrapping paper) filters. As indicated above, after 1 day of irradiation the inhibition was nearly equal regardless of intensity. At the lower intensities little or no further inhibition is observed, while at higher intensities the inhibition continues. The threshold intensity for the high intensity inhibition appears to be approximately 100 ergs * cm-2 * sec-1. No threshold intensity for the low intensity effect can be estimated from this data. It appears to be of the order of 0.1 ergs . cm-2 * secor less.
EFFECT OF SEEDLING AGE ON THE RESPONSE TO IRRADIATION: It has been previously observed that the length of the 2nd internode of Alaska peas was particularly affected by irradiation (12 The results are presented in figure 6 . The effect of blue radiation of 6 different intensities is compared with red at generally comparable intensities after 4 days irradiation. Two experiments with blue and 2 with red radiation are illustrated. Blue radiation appears to have an effect completely comparable to red at the same energy levels.
Since the effects of blue radiation were as great as red, suggesting the high energy response of Mohr (8) , the effect of far-red radiation was also investigated. The PLANT PHYSIOILOGY germination in darkness at a maximum rate there is no response to gibberellic acid. However, under the laboratory conditions employed in the course of this work the maximum rate was not regularly achieved. Despite considerable effort the variable factor responsible for the observed differences has not been identified. In any case, when the growth in darkness is less than maximum, application of gibberellic acid immediately restores growth to its maximum rate. It appears, then, that this slowver growth is due to a suboptimal level of natural gibberellin. Plants treated with gibberellic acid always grow at the same rate, whether irradiated or grown in darkness. Inclu(led among the factors investigated which might be responsible for the variability in growth of plants in darkness were: Seed lot; exposure to green radiation during experimental manipulations; variations in washing and soaking procedures; water availability; and variations in temperature. The response of dark-grown Alaska pea seedlings to gibberellic acid is not increased when growth is inhibited by superoptimal or sutioptimnal temperatures (7).
High levels of green ra(liation inhibit stem elongation and this inhibition may be reversed by gibberellic acid treatment ( (11) (9, 12) . It was found in the earlier studies that red radiation was most effective in causing growth inhibition. The present author has confirmed the effectiveness of red on a dwarf variety, and found that the effect of the red radiation was reversed by subsequent far-red irradiation, as would have been expected.
The effects of visible radiation on Alaska pea seedlings, as reported here, are difficult to relate to the known morphogenetic effects of visible radiation.
With the Alaska pea, there is little or no effect of the low energy red : far-red pigment system on stem elongation. The red : far-red system is present in the plant, however, and exerts effects on node formation and leaf development (12) .
The distinction, reported here, between low intensity and high intensity radiation effects cannot be compared to the low energy and high energy responses already known. Both radiation effects reported here must tentatively be included with the high energy responses. Not only do these effects require a long exposure to light (if not high intensity), but it also appears that the effect of blue radiation is as great as that of the red, typical of the action spectra of Mohr (8) and of Siegelman and Hendricks (10) . Inhibition by far-red radiation (and reversal of this inhibition by gibberellic acid) also is consistent with the action spectrum reported for the high energy effects.
WVhile it may be seen that the total energy required for maximum low intensity inhibition (1.0 ergs cm-2 *sec-1 x 60 x 60 X 24 = 86,400 ergs I cm2-) is much less than the energy used in the brief high intensity irradiation (2,000 ergs cm-2 * sec-1 X 60 x 100 = 1.2 x 107 ergs). it has repeatedly been reported in the past that reciprocity does not hold for irradiation effects on etiolated plants. Responses elicited through the red : far-redl pigment in other species require of the order of 20,000 ergs * cm-2 for a 50°l % response.
Tt appears clear that inhibition of stem elongation in Pisum by visible radiation is mediated through the natural gibberellin system of the plant. Radiation apparently makes the natural gibberellin unavailable for growth. In the Alaska-and perhaps in other climbing varieties-after 1 to 2 (lays of irradiation, the metabolism changes so that the gibberellin is no longer limiting growth. It is not clear whether the level of gibberellin is restored to the dark level or whether the requirenment for gibberellin is less in the irradiated plants. In dwarf peas (AMorse's Progress # 9) w\here the sensitivity to applied gibberellic acid may be compared in light and darkness, no difference in sensitivity is found (Lockhart, unpublished) .
Whatever the mechanism of recovery after irradiation, at higher intensities the recovery is not complete. A new stea(ly-state growth is established at less than the maximumii growvth rate.
Bjorn and Virgin (1) have recently published a report on the effects of daily exposures to red light on Pisum sativum, variety Svalofs tordagsart III, apparently a non-dwarf variety. They found in many cases that plants which received daily irradiations were as tall or taller than dark-grown plants at the end of the experiment. The time-course of growth was not considered by these workers, but it is possible to determine the time-course of a single experiment from the data presented (see their fig 2) . In this case an initial inhibition of stem growth by light may be observed, followed by a recovery as reported here. The irradiated plants in this case were virtually the same height as the dark controls at the end of the experiment (their usual time of measurement). The time course of growth makes it clear, however, that this is due to a gradual decline in growth rate of the dark-grown plants, while, following the initial inhiibition the irradiated plants resumed a normal growth rate. A comparable decline in growth rate of the irradiated plants, presumably due to exhaustion of growth substrates, had only begun at the termination of the experiment. Probably the final height of the 2 groups would be very nearly the same. The rate of node formation, the criterion used by these authors was, of course, markedly affected bv light.
Idle (3) has investigated the morphological region of maximum light sensitivity in Vicia faba. Using light of very brief duration, he found that when the elongating region of the stem was illuminated growth inhibition was observed but recovery soon occurred.
When the tip was illuminated inhibition of growth also occurred but in this case the inhibition persisted for a much longer time (several hours). These results are consistent with the report that the natural gibberellin is produced in the stem tip (5) , and the theory that light affects growth by reducing the available gibberellin in the plant. It would be expected, then, that irradiation of the elongating region would affect only the relatively small amount of gibberellin presumably present at any given time, while irradiation of the tip (the source of the gibberellin) should have longer lasting effects.
SUMMARY
The time-course of the stem growth of Pisum sativtrn, variety Alaska, to light and to gibberellic acid has been measured.
Under relatively low intensity red or blue light (0.1 to 100 ergs * cm-2 * sec-1 ) the growth of Alaska pea seedlings is markedly inhibited for 24 to 36 hours. Following this inhibition the plants resume a maximum rate of stem elongation (equal to dark-grown plants) in spite of the continued irradiation.
At higher radiation intensities (>100 ergs cm-2 * sec-') the plants show the same inhibition and recovery but subsequent growth is somewhat less than the maximum (dark-grown) rate, and is a function of the light intensity.
Gibberellic acid reverses both the low intensity and high intensity light inhibition of stem elongation. The low energy red : far-red pigment system does not appear to affect stem elongation in this plant.
The gibberellic acid used here was obtained through the courtesy of Merck and Company, Rahway, New Jersey and Eli Lilly and Company, Indianapolis, Indiana.
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